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(57) Abstract: A method and device for determining the stability margin of a RF repeater. The method is carried out in two steps, 
viz. establishing the amplification of the repeater as a function of the frequency in a frequency band, and observing the magnitude 
of wave-like variations in the established frequency response, this magnitude constituting a measure of the stability margin such that 
an increasing magnitude corresponds to a decreasing stability margin. 
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Method and apparatus for stability margin determination in a 
repeater 

FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for 
determining the stability margin, with respect to a possible 
self-oscillation, in a radio frequency repeater operating with 
a predetermined delay between an input and an output and 
having a feedback path between said output and said input. The 
invention also relates to a repeater system provided with such 
an apparatus . 

Primarily, the invention concerns repeaters for use in 
cellular telecommunication systems, including two antennas and 
two sets amplifier chains for amplifying a signal from a base 
station (down-link) and a signal from a cellular mobile 
telephone (up-link) , respectively. In such a system, the 
repeater recieves, amplifies and retransmits signals between 
the base station and the mobile telephone in both directions. 
However, the invention can be applied also to repeaters with 
only one signal path. 

More particularly, the invention deals with the problem of 
ensuring that the repeater does not reach a state of 
instability because of self -oscillation, which may happen when 
the gain becomes too high. Because of the inevitable feed back 
between the output and the input, the too strongly amplified 
output signal will be transferred back to the input and will 
be amplified over again so as to cause a self-oscillation in 
the system. 

BACKGROUND OF THE INVENTION - PRIOR ART 

The problem of preventing self-oscillation and securing a 
sufficient margin to such an instability in repeaters is well- 
known to those skilled in the art. Normally, in order to solve 
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this problem, the input or output signal level (or power 
level) is monitored during operation of the repeater. 

One way, see US-A-5, 095, 528 (Leslie), is to continuously 
5 measure the average output power of the repeater and to 

determine whether this power level exceeds a predetermined 
threshold value, in which case the amplifier gain of the 
repeater is drastically reduced so as to restore a stable 
state of operation. 

10 

Another way, which is especially useful in GSM systems 
operating with time slots, see WO 97/33381 (Allgon) , is to 
measure the time proportion during which the power level of an 
input signal exceeds a certain threshold value, whereupon the 
15 amplifier gain is reduced in case this time proportion is 

relatively large, such as 90% or even larger. This method may 
be combined with a test whether the difference between the 
maximum and minimum values of the input signal level is less 
than a given value. 

20 

However, in both these known methods, like in all other 
methods being used in repeaters today, it is necessary to 
adjust the gain rather drastically in response to a detected 
rise of the signal level. Basically, this is because the 
25 criteria being used are met only when a state of instability 
is reached. Thus, in the known systems, it is not possible to 
obtain a quantified value of the stability margin as such. 
Therefore, it is difficult to provide a smooth control of the 
amplifier gain of the repeater. 

30 

SUMMARY OF THE INVENTION 

Against this background, a main object of the present 
invention is to provide a method and an apparatus for 
35 determining the stability margin, with respect to a possible 
self-oscillation, in a repeater of the kind discussed above. 
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Another object is to provide a method which would enable a 
smooth control of the repeater without drastic changes of the 
amplifier gain. Accordingly, it should be possible to 
establish a quantified value of the stability margin as such. 

5 

These and other objects are achieved, according to the present 
invention, by taking two basic steps, viz. 

- establishing the amplification of the repeater as a 
function of the frequency in a frequency band 
10 (which should be relatively wide) , and 

observing the magnitude of wave-like variations in 
the established amplication as a function of the 
frequency, this magnitude constituting a measure of 
the stability margin such that an increasing 
15 magnitude corresponds to a decreasing stability 

margin . 

In this way, it is possible to obtain a measure of the 
stability margin even when the system operates normally and is 
20 still stable. Consequently, any control measures can be taken 
already long before the system approaches a state of 
instability, and the control can therefore be performed 
smoothly, i.e. with relatively small adjustments of the 
amplifier gain of the system. 

25 

When using an appropriate control algorithm, the system can be 
retained in a stable state without self-oscillation. 

The method can be carried out by means of a measurement 
30 receiver connected to the input and/or the output of the 

repeater by means of a directional coupler, preferably via a 
switch alternating between the input and the output. 

Advantageously, in order to establish the amplification or 
35 frequency response in the particular frequency band, provided 
that the spectral properties of the input signal are known, it 
is sufficient to measure the output signal as a function of 
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the frequency. Then, the frequency response and the stability 
margin can be calculated. 

The invention will be explained further below with reference 
5 to the appended drawings illustrating a repeater and a 

measurement receiver for determining the stability margin in 
accordance with the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

Fig. 1 illustrates schematically a repeater for use in a 
cellular telephone system, and associated apparatus for 
measuring the stability margin of the system; 

15 Figs. 2 and 3 are schematic representations of the repeater 
and the associated antennas as a simple feed back amplifier 
system; 

Fig. 4 is a diagram representing the output power as a 
20 function of the frequency in a frequency band; and 

Fig. 5 is a diagram representing the magnitude of the peak- 
to-peak variations (of the power or amplification shown in 
fig. 4) as a function of the stability margin of the repeater. 

25 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

The repeater illustrated in fig. 1 is of the kind generally 
used in cellular telephone systems, e.g as described in the 
30 above-mentioned document W097/33381, including a first antenna 
1 for radio communication between the repeater and a cellular 
mobile telephone (not shown) and a second antenna 2 for a 
corresponding radio communication between the repeater and a 
base station (not shown) . 

35 

The first and second antennas 1,2 are connected via duplex 
filters 3,4 to two oppositely directed links, namely an uplink 
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10 for transferring signals originating from mobile telephones 
towards the associated base station, serving the cell in which 
the repeater and the mobile telephone are located, and a 
downlink 20 for transferring signals in the opposite 
direction. Each link includes a number of mutually parallel 
amplifier chains, each such chain handling a specific 
frequency or frequency band. In fig. 1, the amplifiers in 
these chains are represented by an amplifier 11 in the uplink 
10 and an amplifier 21 in the downlink 20. 

In the transmission lines 5, 6 connecting the respective 
antenna 1,2 and the respective duplex filter 3,4, directional 
couplers 30 and 40 are disposed so as to enable the sensing of 
signals in the respective transmission line segment 5,6. The 
sensed signals are fed via switches 31,41 and band pass 
filters 32,42 to a common switch 50 connected to a measurement 
receiver 60. In the measurement receiver 60, the particular 
signal is analysed, so that the signal level as a function of 
the frequency in the particular frequency band is obtained. 

It will be appreciated that the directional couplers and 
switches are connected in such a way that any input or output 
signal in the respective transmission line 5,6 (the input or 
output of the system) can be analysed. 

The inventive concept is based on a simplified model of the 
repeater as represented in figs. 2 and 3. An input RF signal I 
(from a mobile telephone, not shown) is propagated on a 
microwave carrier wave in the air and hits the first antenna 1 
in fig. 2, whereupon the signal is transferred through the 
uplink, represented by the amplifier 11, to the second antenna 
2. Inevitably, a (normally very small) portion B of the signal 
is fed back through the air, represented by a leakage path 12. 
In fig. 3, the repeater R and the two antennas 1,2 are 
represented as a schematic, standardized control system with a 
summation element S, a main amplifier 11, a delay element 13 
and a feed back loop 12 corresponding to the leakage path 
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between the two antennas. The delay element corresponds to the 
inevitable delay occuring in filters and other components 
normally included in the amplifier chains of a repeater of the 
kind indicated above. 

5 

Because of the delay element 13, the effective amplification 
of the system of fig. 3 will depend on the frequency. As can 
be shown by a Laplace-transform representation of the system, 
using the frequency domain rather than the time domain, the 
10 ratio between the output and input signals (or the transfer 
function as it is normally denoted in control theory) in the 
system of fig. 3 can be represented as 

n -ds 

gl e 



15 



l-glg2e" ds 



where gl is the gain of the amplifier 11, g2 is the gain in 
the (schematic) amplifier 14 in the feedback loop 12 and d is 
20 the delay in the delay element 13. From this formula, it is 
clear that the amplification is a harmonic function of the 
frequency . 



A frequency response diagram of the output power of signal in 
25 a receiver is shown in fig. 4. The curve shows a pattern of 
harmonic variations of the power P as a function of the 
frequency f . It has been verified, by practical measurements, 
that the magnitude of such variations is a measure, though in 
an inverse relation, of the stability margin. Thus, when the 
30 magnitude of the variations, e.g. the peak-to-peak value, 

decreases, the stability margin will increase and vice versa. 

Fig. 5 illustrates the relation between the isolation or 
stability margine SM (horisontal axis or abscissa in dB) and 
35 the peak-to-peak value or magnitude MA of the amplification 
variations (vertical axis or ordinata in dB) . 
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Accordingly, by using the apparatus shown in fig. 1, it is 
possible to establish a functional relationship between the 
input and output signals and to calculate the stability 
5 margin, with respect to a possible self -oscillation, by way of 
the functional relation illustrated in fig. 5. 

When the spectral properties of the input signal are known 
beforehand, it is sufficient to measure the output power level 
10 P as a function of the frequency f, as illustrated in fig. 4. 

Of course, the calculated value of the stability margin can 
form the basis of a control signal controlling the gain of the 
repeater, so as to keep the stability margin substantially 

15 constant at a desired level. For this purpose, the measurement 
receiver 60 may be connected to a control unit 70 adapted to 
implement such a control. If desired, the measurement and 
control can be initiated remotely, e.g. from an operation and 
monitoring centre (not shown) via a telephone modem 80 or some 

20 other telecommunication link. 
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CLAIMS 

1. A method of determining the stability margin, with 
5 respect to a possible self-oscillation, in a radio frequency 

re p ea ter operating with a predetermined delay between an input 
(5) and an output (6) and having a feedback path between said 
output and said input, comprising the steps of 

establishing the amplification of the repeater as a function 
10 of the frequency in a frequency band, and 

observing the magnitude (MA) of wave-like variations in said 
amplification as a function of the frequency, said magnitude 
constituting a measure of the stability margine such that an 
increasing magnitude corresponds to a decreasing stability 
15 margine. 

2. The method defined in claim 1, wherein the spectral 
properties of an input signal are known and wherein: 

the step of establishing the amplification as a function of 
20 the frequency is carried out by measuring an output signal 

(P) as a function of the frequency (f) in said frequency 
band, and 

said magnitude (MA) of said wave-like variations and said 
stability margin (SM) are calculated on the basis of the 
25 result of the first step. 

3. A method of controlling a radio frequency repeater, 
operating with a predetermined delay between an input and an 
output and having a feedback path between said output and said 

30 input, including the steps of: 

determining the stability margin in the repeater in 
accordance with claim 1 or 2, and 

controlling the gain of the repeater in response to the 
determined stability margin. 

35 

4. An apparatus for determining the stability margin, 
with respect to a possible self-oscillation, in a radio 



WO 00/77941 



PCT/SE00/00999 



frequency repeater operating with a predetermined delay 
between an input (5) and an output (6) and having a feedback 
path between said output and said input, comprising 

at least one sensing element (30, 40) connected to at least 
5 one of said input and said output of the repeater , and 

- at least one measurement receiver (60) connected to said at 

least one sensing element for measuring at least an output 

signal from said repeater, on the basis of which the 

stability margin (SM) is calculated. 

10 

5. The apparatus as defined in claim -4, wherein said at 

least one sensing element comprises at least one directional 
coupler . 

15 6. The apparatus as defined in claim 5, wherein two 

directional couplers are connected to a single 
measurement receiver via a switch (50) for alternating 
measurement of the signals at the output and the input, 
respectively. 

20 

7. The apparatus as defined in claim 4, wherein: 

said measurement receiver (60) is connected to a control unit 

(70) for controlling the gain of said repeater. 

25 8. The apparatus as defined in claim 4, wherein: 

said measurement receiver is connectable, via a modem (80) , to 
a central operational monitoring unit, whereby the 
measurements and calculations for determining said stability 
margin can be made by remote control. 

30 

9. The apparatus as defined in claim 4, wherein: 

a band pass filter (32, 42) is inserted between said sensing 

element and said measurement receiver. 



35 
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10. A repeater system, including a radio frequency 

repeater of the kind having two antennas (1,2) and two links 
therebetween, said two links comprising an uplink (10) for 
amplifying signals from a mobile telephone to a base station 
and a downlink (20) for amplifying signals from said base 
station to said mobile telephone, said repeater system being 
provided with an apparatus as defined in any one of the claims 
4-9. 
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